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Rice (Oryza sativa L) is a widely consumed cereal in India. Rice plants are susceptible to leaf blight disease caused by 
Xanthomonas oryzae pv. oryzae. The infection leads to yield loss and premature crop death. Genomic characterization of 
pathogenic strains isolated from infected plants grown in different geographical locations can help to devise molecular level 
control strategies. In this study, infected leaves were collected from rice plants grown in an agricultural field of Vellore district. 
The yellow mucoid colonies, observed upon incubation of infected leaves in Luria Bertani (LB) and nutrient broth yeast extract 
(NBY) medium, were isolated and characterised by biochemical tests and Gram staining. In vitro pathogenicity test relating to 
exopolysaccharide (EPS) production was carried out for six of the Gram negative rod isolates, which also tested positive for 3% 
KOH, citrate and catalase tests. Isolate IL8 had the highest EPS level of 2275 ± 0.3 µg/ml and it was characterised by fourier 
transform infrared spectroscopy (FTIR) spectroscopy for related functional groups. This isolate was then used for in vivo 
pathogenicity test on Ponni variety rice plants wherein progression of severe leaf blight disease was noted upon infection. 
Disease severity was measured in terms of diseased leaf area and disease scoring index was recorded. IL8 was characterised by 
16S rRNA sequencing and confirmed as Xanthomonas oryzae pv. oryzae. The sequence was submitted to NCBI GenBank and 
an accession number of VITXO MK547277.1 was obtained.  
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Introduction 
Rice (Oryza sativa L) is widely cultivated in 
several parts of the world1. Its global production is 
about 769.9 million tons that includes 510.6 million 
tons of milled rice. Among Asian countries, it is the 
second majorly cultivated and exported cereal crop. In 
India, for most of its population from several states, 
rice is the staple food, and hence sustenance of rice 
production in different ways, is important for Indian 
food security2. Rice is extensively grown in estuaries, 
river basins and lowland coastal areas of southern and 
north-eastern parts. Ninety seven percent of the 
produce is from states of Tamil Nadu, Andhra 
Pradesh, Kerala, Karnataka, Bihar, Assam, 
Chhattisgarh, Maharashtra, Uttar Pradesh, West 
Bengal and Orissa. 
Rice seed is a rich source of several vitamins, 
proteins and dietary fibres. Apart from neutraceutical 
benefits, it also has therapeutic properties3. Normally 
it sold as husked (brown), milled (white) and rough 
(parboiled) rice, viz., products of different post-
harvest processes that cause physical, chemical and 
structural changes in grains. Rice is also marked 
based on its size (long, medium and short) and shape 
with percentage of whole grains in the produce, being 
a primary quality criterion in its processing industries. 
Rice bran, broken rice, rice flour, rice milk, rice 
starch, rice husks, rice straw, rice pudding, rice cake, 
rice yeast, rice vinegar, and rice glue are some 
specific products, processed or otherwise, that are 
beneficial and of importance in consumer industries4. 
Ponni is the most extensively cultivated variety in 
Tamil Nadu. It is rich in calories as it contains around 
5 kcal of energy per particle of rice. It can be grown 
in any type of land, with good quality water. 
Rice plants are infected by several pests including 
pathogenic microorganisms. Bacterial infections, viz., 
leaf blight (BLB) and leaf streaks are caused by 
Xanthomonas oryzae pv. oryzae and Xanthomonas 
oryzae pv. oryzicola, respectively5-6. BLB, a major and 
common infection of these plants, was initially reported 
from Japan7. Its incidence was first reported from 
India8 in 1959 and subsequently from other Asian 
countries too with 80 - 100% disease severity9-11. An 









with infection occurring at different stages of plant 
growth and spreading through water pores or wounds. 
Pathologically, it causes weakening of seedlings, 
yellowing and hardening of leaves. Symptoms develop 
from leaf tips as wavy edges and spread to entire leaves 
resulting in their acute dropping, untimely plant death 
and ultimate loss of crop yields12. 
Pathotypic and genotypic diversities among isolates 
of Xanthomonas oryzae pv. oryzae, have been reported 
from India and from other countries13-17. In this context, 
genomic characterisation of specific strains of 
Xanthomonas oryzae pv. oryzae, that particularly affect 
rice plants being widely cultivated in distinct 
geographical locations due to a large customer base, 
becomes a priority area of research. This strategy is 
linked to gaining insights on their aggressiveness 
towards specific rice cultivars for developing effective 
control measures against them with minimalistic 
environmental impact. The present study aims to 
achieve the objectives of isolation, biochemical and 
molecular characterization and pathogenicity assessment 
of Xanthomonas oryzae pv. oryzae from infected leaves 
of white Ponni rice plants from Vellore district (12.91oN, 
79.13oE) of Tamil Nadu, India. The resultant outcomes 
would serve to develop molecular level strategies based 
on chemical and biological tools, to achieve damage 
control in rice plants due to BLB infection. 
 
Materials and Methods 
 
Isolation and Biochemical Characterisation of Xanthomonas 
oryzae pv. oryzae from Infected Leaves of Oryza sativa L 
Ten (10) freshly infected leaves from rice plants 
(Ponni variety) were collected from an agricultural 
field in Vellore district (12.91ºN, 79.13ºE), and 
labelled as L1 - L10. The infected areas of these leaves 
were cut into pieces of 2–3 cm, surface sterilised with 
1% hypochlorite solution and washed with sterile 
distilled water. The pieces were then placed in Luria 
Bertani (LB) and nutrient broth yeast agar (NBY) 
plates and incubated at 37oC for 72 hrs after which 
pieces from leaves 1, 3, 4, 6 and 9 showed pale yellow 
star shaped mucoid colonies in LB and yellow mucoid 
colonies in NBY plates. The colonies from LB plates 
were labelled as IL1 - IL5 and those from NBY media 
were labelled as IL6 - IL10. All these 10 isolates were 
sub cultured and subjected to Gram staining and other 
routine biochemical tests for identification18-19. 
 
Tests for Bacterial Pathogenicity 
Based on results of Gram staining and biochemical 
characterization, IL - 2, 3, 5, 7, 8 and 10 (0.5 McFarland 
cells) were selected for in vitro pathogenicity test that 
involved observation of exopolysaccharide (EPS) 
production20-21. All experimental media containing the 
precipitated crude EPS, were centrifuged for pellet 
separation, and dried at 55oC for 12 hrs. Their dry 
weight was then recorded and FTIR analysis was carried 
out for the same. This experiment was repeated thrice 
and results were expressed as mean ± SEM. 
The highest exopolysaccharide producing isolate was 
selected for the in vivo test with white Ponni rice, the 
seeds of which were obtained from Paddy Breeding 
Station, Thiruvanamalai District, Tamil Nadu, India. 
Seeds were germinated in the laboratory under standard 
conditions and using regular protocols. Simultaneously, 
six pots were filled with rice cultivation soil from the 
agricultural farm of Vellore Institute of Technology 
(VIT), Vellore, India (12.96ºN, 79.16ºE) and watered 
regularly to maintain optimum humidity and 
temperature. After germination, rice seeds were sown in 
all pots and maintained at VIT agricultural farm. After 
44 days, all plants were covered with polythene bags to 
maintain the humidity and temperature for bacterial 
growth. On the 45th day, plants in three randomly 
selected test pots were infected with 10-7 CFU/ml of 
bacterial cells using leaf clipping method by cutting  
2 – 3 cm of leaf tips22-24. Three pots served as controls 
wherein only sterile saline medium was used for leaf 
clipping. Plants were then covered with sterile polythene 
bags sprinkled with sterile water to maintain the 
humidity and temperature at 30oC and observed for 
development of BLB lesions after every 24 hrs for 21 
days. After appearance of lesions in the test pots, 
bacteria were again isolated from them and routine 
biochemical tests were carried out for the same for 
comparative purposes25. 
 
Tests for Disease Evaluation  
Severity of disease was measured in terms of 
percent of diseased leaf area, after 5, 7, 14 and 21 
days of inoculation. Using standard procedures26, 
disease incidence was calculated and converted to a 
disease scoring index, on a 0 - 9 scale of the IRRI 
standard evaluation system for rice27.  
 
(%) Disease incidence = Infected leaf length / Total 
leaf length x 100 
 
To prove Koch postulate, the bacteria were  
re-isolated from the artificially infected rice plants and 
they were compared with originally infected isolate28. 
 
Amplification of 16S rRNA Gene by Polymerase Chain 
Reaction (PCR) and its Sequencing  
Universal primers were used for amplification and 
sequencing of 16S rRNA gene fragment. Forward 




primer 27F (5’-AGAGTTTGATCATGGCTCAG-3’) 
and reverse primer 1497R (5’-ACGGCTACCTT 
GTTACGAC-3’)29 with the following PCR conditions 
were used: 94oC for 2 min of initial denaturation, 
followed by 30 cycles of denaturation at 94oC for 1 min, 
annealing at 55oC for 1 min, extension at 72oC for 2 min 
and final extension at 72oC for 7 min. PCR mixture 
consisted of 1 µl DNA template, 0.5 µl of forward and 
reverse primer, three µl of ddH2O and 5 µl of master 
mix. The PCR product was further analyzed by agarose 
gel electrophoresis and sequenced by Eurofins 
Genomics India Private Ltd., Bengaluru, India. 
 
The aligned sequence data was compared with the 
available bacterial lineage sequences in the National 
Center for Biotechnology Information (NCBI) GenBank 
using basic local alignment research tool (BLAST) 
(http://www.ncbi.nlm.nih.gov). An accession number 
was obtained by submitting this sequence to the NCBI 
GenBank database. Phylogenetic analysis was carried 
out to determine the evolutionary relationship of bacteria 
using nucleotide sequences29. Mega X software 
(Molecular Evolutionary Genetics Analysis) with default 
parameter settings was used to perform a multiple 
sequence alignment for constructing a phylogenetic tree. 
 
Results and Discussion 
 
Isolation and Biochemical Characterization of Pathogenic 
Bacteria from Infected leaves of Oryza sativa L 
The colony morphologies of isolated bacteria from 
ten freshly infected rice plant leaves are given in  
Table 1. Infected leaf samples 1, 3, 4, 6 and 9 placed in 
LB and NBY media plates, after 72 hrs of incubation 
showed the presence of yellow mucoid colonies around 
the leaf areas (Fig. 1).  
 
 
Fig.1— Isolation of Xanthomonas oryzae from infected leaves of Oryza sativa L. Star shape and mucoid colonies were noted in LB and 
NBY extract agar media respectively 
 
Table 1— Colony morphology of isolated bacteria from ten infected leaf samples 
Sample numbers Media  Gram staining 
Luria Bertani Nutrient broth yeast extract 
Leaf - 1, 3, 4, 6, 9 Pale yellow star shaped mucoid colonies Yellow mucoid colonies  Gram negative rods 
Pale white colonies Pale white colonies  
 Not applicable  White mucoid colonies White mucoid colonies 
White irregular colonies White irregular colonies 
- White powdery colonies 
- Bluish white colonies 
- Fluorescent colonies 
- Orange colour colonies 
Leaf - 2, 5, 7, 8, 10 Pale white colonies Pale white colonies  
 Not applicable  Small white mucoid colonies Small white mucoid colonies 
White powdery colonies White powdery colonies 
White pinpointed colonies White pinpointed colonies 
- Fluorescent colonies 
- Bluish white colonies 
- Orange colour colonies 
- Fuzzy white colonies 




The isolates IL 1 - 10 were found to be Gram 
negative rods. Further biochemical characterization of 
these isolates revealed positive results in case of IL - 2, 
3, 5, 7, 8 and 10 for 3% KOH test and also for citrate 
and catalase tests, whereas other biochemical tests were 
found to be negative (Table 2a & 2b). Similar results 
have been reported for Xanthomonas oryzae30. These 
isolates were selected for in vitro pathogenicity test in 
terms of exopolysaccharaide (EPS) production. 
Presence of extracellular polysaccharide slime in 
Xanthomonas results in viscous bacterial colonies. 
Yellow mucoid colonies of Xanthomonas have also 
been previously reported30. 
 
Tests for Bacterial Pathogenicity 
Isolates IL - 2, 3, 5, 7, 8 and 10 were analysed for 
EPS production. IL - 2 and IL - 7 produced close to 
1820 ± 0.4 µg/ml, IL - 3 and IL - 8 produced 2275 ± 0.3 
µg/ml and IL - 5 and IL - 10 produced 1986 ± µg/ml. 
Based on these results IL - 8 with a higher EPS level of 
2275 ± 0.3 µg/ml, was selected for further studies (IL - 3 
was its corresponding colony grown in LB medium). It 
has been reported that high levels of EPS induces severe 
pathogenicity in host plants (Chithrashree & Srinivas, 
2012) due to the presence of specific functional groups 
that are responsible for causing virulence. These include 
β-diketone enol (1635.64) and -OH group (3263.34) 
with an intermolecular hydrogen bonding, C-N of 
primary aromatic amine (1386.82) and a C-H group with 
methyl alkane (2926.09) as seen from the FTIR 
spectrum (Fig. 2) recorded for IL - 8 isolate (Kumar  
et al. 2003).  
Seeds of white Ponni rice, that were sown in pots and 
maintained at optimum temperature conditions, were 
used to test the efficacy of IL - 8 to induce infection by 
artificial inoculation procedure (leaf clipping method) in 
45 days old rice plants. Seventy two (72) hrs after 
infection, water soaked lesions started developing from 
the tip of the leaves and spread to the leaf edges from the 
5th day after infection. 
 
Tests for Disease Evaluation and Confirmation of IL8 
Pathogenicity  
The infected plant was observed every 24 hrs for 
development of infection. The % of disease incidents 
Table 2— (a) Biochemical characterization of test isolates 
Isolates Indole test Methyl red test Voges-Proskauer test Citrate utilization test Catalase Oxidase 3% KOH test 
IL1 - LB - - - + + -/+ - 
IL2 - LB - - - + + - + 
IL3 - LB - - - + + - + 
IL4 - LB - - - + + -/+ - 
IL5 - LB - - - + + - + 
IL6 - NBY - - - + + -/+ - 
IL7 - NBY - - - + + - + 
IL8 - NBY - - - + + - + 
IL9 - NBY - - - + + -/+ - 
IL10 - NBY - - - + + - + 
 
Table 2— (b) Biochemical characterization of test isolates 
Isolates Urease Starch hydrolysis Tween 80 hydrolysis Gelatin liquification Lecithinase activity Fluorescent pigment 
IL 1 - + - - - - 
IL 2 - - - - - - 
IL 3 - - - - - - 
IL 4 - + - -/+ - - 
IL 5 - - - - - - 
IL 6 - + - - - - 
IL 7 - - - - - - 
IL 8 - - - - - - 
IL 9 - + - - - - 




Fig. 2— FTIR spectrum of exopolysaccharide from IL 8 
 




on 5, 7, 14 and 21 days were recorded as 8.33, 14.33, 
46.66 and 94.66, respectively (Fig. 3A). Disease 
scoring index was scaled from 0 - 9 wherein a score of 
0 was recorded for no visible symptoms, 1 for less than 
1%, 3 for 1 - 10%, 5 for 11-25%, 7 for 26 - 50% and 9 
for more than 50% of diseased leaf area. Based on 
disease incidence, the disease score was hence found to 
be 3 on 5th day, 5 on 7th day, 7 on 14th day and 9 on 21st 
day (Fig. 3B). The infection was moderate on the 7th 
day whereas from the 14th day onwards, the plant was 
highly susceptible to the bacterial leaf blight infection. 
IL-8 infected the plants to an extent of around 95% on 
the 21st day of infection and the entire plant was 
observed to become thin, dry and ultimately dead.  
Pathogenicity of IL-8 was confirmed by Koch’s 
postulate. Bacteria, that was re-isolated from the 
artificially infected rice plant was found to be similar to 
the original IL-8 isolate when compared using 
biochemical tests (Table 3), and the pathogenicity of 
the isolated organism was hence confirmed.  
Amplification of 16S rRNA Gene by PCR and its Sequencing 
The conserved region of test isolate was amplified by 
PCR and it showed the expected size of 1500 bp  
(Fig. 4). Based on 16S rRNA analysis, the isolate was 
identified as Xanthomonas oryzae pv. oryzae and this 
sequence were submitted to NCBI GenBank (accession 
number VITXO MK547277.1). The known sequence of 
Xanthomonas oryzae pv. oryzae was downloaded from 
GenBank and the phylogenetic tree was constructed 
using Mega X software using the neighbour  
joining approach (Fig. 5). The isolated bacteria VITXO 
MK547277.1 were 100% similar to MH158527.1, 
MH158528.1 and MH158529.1. It showed 99.90% 
similarity with MH158536.1 and 99.80% similarity  
with MH158520.1, MH158521.1, MH158523.1, 
MH158524.1, MH158525.1, MH158526.1, MH158530.1, 




Fig. 3— (A & B) Progress of infection from 0th day to 21st day after induction 
 
Table 3— Biochemical characterization of re-isolated bacteria 
after artificial infection of leaves 
Biochemical Tests  Original IL - 8 Re-isolated bacteria 
Gram staining - - 
Indole test - - 
Methyl Red test - - 
Voges-Proskauer test - - 
Citrate utilization test + + 
Catalase + + 
Oxidase - - 
3% potassium hydroxide test + + 
Urease - - 
Starch hydrolysis - - 
Tween 80 hydrolysis - - 
Gelatin liquification - - 
Lecithinase activity - - 
Fluorescent pigment - - 




Fig. 4—Gel electrophoresis of IL 8. One kb DNA ladder was used 
as marker and 1500 bp bands (duplicate) were noted 
 





Genomic characterisation of Xanthomonas oryzae pv. 
oryzae, which causes BLB infections in rice plants, can 
help to develop effective strategies for its pathogenic 
control, ensuring food security. Molecular level 
variations among its strains are reflected as varied 
virulence with regard to plant infections mandating gene 
level characterisation of its strains from specific 
geographical locations of rice cultivation. The 
pathogenic Xanthomonas oryzae pv. oryzae isolated in 
this study from Vellore district in India showed 100% 
similarity to known gene sequences from NCBI 
GenBank (VITXO MK547277.1). It produced 2275 ± 
0.3 µg/ml of exopolysaccharides that play an important 
role in bacterial pathogenicity. Upon inoculation in 45 
day old white Ponni rice plants by artificial inoculation 
method, it was observed that 94.66% of leaf area was 
affected on the 21st day of infection with a scoring scale 
of grade 9. Pathogenicity test proved this isolate to be 
virulent. Further studies, involving development of 
control measures against the bacteria are under progress 
in our laboratory with positive results.  
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